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NATTONAT: ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

WIND-TUNREL INVESTIGATION AT MACH NUMBERS FROM 0.8 TO
1.4 OF STATIC LONGITUDINAL AND LATERATL-DIRECTIONAT
CHARACTERISTICS OF AN UNSWEPT-W.ING
AIRPIANE MODEL

By James L. Summers, Stuart L. Treon,
and Lawrence A. Graham

SUMMARY

Results are presented for a wind-tumnel investigation of an airplane
model with a 3.k-percent-thick unswept wing of aspect ratio 2.45 at Mach
numbers from 0.8 to 1.4 at a Reynolds number of 1.5 million. ILongitudinal
characteristics are presented for the basic model and for configuration
variations involving two types of wing camber, an area~rule fuselage modi-
fication, various external-store arrangements, several conventional missile
instellations and one designed according to the moment-of-area concept,
and two fuselage dive-flap arrangements. ILateral-directional cheracteris-
tics of the basic model with and without the empennage are also included.

Evident for the basic model were a tall-on pitch-up tendency at Mach
numbers of 0.8 and 0.85 beginning at a 1ift coefficient of 0.7, and an
abrupt fore-and-aft center-of-1ift travel at transonic Mach numbers near
the zero=1ift condition. The configurations having the NACA modified-mean-
line caembered wing, as compared wilth the conflgurations having the leading-
edge=-flap cambered wing, had (1) higher minimm drag coefficients,

(2) lower drag due to 1ift, (3) higher values of meximum lift-drag ratioc
particularly at subsonic Mach numbers, and (4) less center~of-lift travel
nesr the zero~lift condition at trensonic Mach numbers. Modification of
the fuselage according to an ares-rule applicstion resulted in a reduction
in minimum drag coefficient and an increase in maximum lift-drag ratio at
Mach numbers from 0.95 to 1.40. Results of mounting various external
stores on the wing tips rather than under the wings or on the fuselage
were (1) generally lower values of minimum drag at subsonic and supersonic
Mach numbers, (2) an increase in lift-curve slope, and (3) a reduction of
center~of=1ift travel near zerc 1lift coefficient at transonic Mach num-
bers. The configuration having the four-missile installation designed
according to the moment-of-ar nimum drag coefficients
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and lower maximum lift-dreg ratios st transonic and supersonic Mach num-
bers than dld the comparable conventionsl wing-tip instellation. The
increment in minimm drag coeffliclent for the configurstion having two
side-mounted fuselage flaps was only sbout 10 percent greater than that
for the configuration having a single underfuselsge mounted flsp with half
the frontal area of the side-mounted flaps. The variations with Mach num-
ber of the lift-curve slope and pitching-moment-curve slope, furthermore,
were generally more favorasble for the underfuselage flap configuration.
The complete basic model had favorable lateral-directionsl characteristics,
in general, within the test limite of angle-of-attack, sideslip angle, and
Mach number ranges.

INTRODUCTION

Investigations of the aerodynamic characterlstics of generallzed air-
craft conflgurations have indicated thet the aircraft with a thin, low-
agpect-ratio, unswept wing is one of several types suiltable for use as a
supersonlic interceptor or fighter. The purpose of this report is to pre-
sent information obtained from an investigation in the Ames 2~ by 2-foot
transonic wind tunnel of a model representatlve of contemporary high-speed
fighter design. The Mach number range was from 0.8 to l.4 and the Reynolds
number was 1.5 million. The baslc model consisted of a fuselage with can-
opy end faired side Inlets, a 3.L-percent-thick unswept wing of aspect
ratio 2.45, and a fixed, horlzontal tell located high on the vertical sta-
bilizer, Variations in the configuration geometry included: (1) two
types of cambered wings; (2) a fuselage contour modification according to
the area=-rule method of reference 1; (3) several conventional missile and
external-gtore installations; (4) a missile installation designed accord-
ing to the moment-of-ares method of references 2 and 3; and (5) two dive-
flap arrangements. Static lateral-directional characteristics of only the
baslc model with and without the empennage were obtained throughout a
range of sidesllp angles at three angles of attack.

DATA NOTATION

& wing section mean line designetion
Ca crosswind force coefficlent
CCB crosawind-force-curve slope

Cp dreg coefficilent
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Cp , minimm-drag coefficient .
CZ rolling-moment coefficient
Czﬂ rolling-moment-curve slope
Cy, 1ift coefficient
ch lift-curve slope
Cm pitching~-moment coefficient
Cn yawing-moment coefficlent
CnB yawing-moment-curve slope
czi sectlion design 1ift coefficient
c local chord of wing or tail
c mean aerodynsmic chord of wing
aCm
o pitching-moment-curve slope
L

<%> maximum lift-drag ratio
D/max

M Mach number
t wing sectlon thlckness
o angle of attack of fuselage horizontal reference plane
B angle of sideslip of model vertical plane of symmebtry

/ UNCLASSIFIED
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MODEL NOTATION

Model Component Symbols

bomb

baslc fuselage

area-rule fuselage
moment~-of-area-rule fuselage
canopy

dorsal fin

side~-fuselage dive flaps

underfuselage dlve flap
gun houslng
horizontal tail

two M missiles, fuselage mounted
two M missiles, wing~tip mounted
four M misslles, fuselage mounted
four M milssiles, mounted on moment-of-area pods and pylons
four M missiles, wing~-tip mounted
two N misslles, wing-tlp mounted
four N mieslles, wing-tip mounted

four N missiles, underwing mounted

moment-of-ares pods and pylons for four M mnisslle installation
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Py wing-tip pylon for four M missile Installation

Tp two storage tanks, wing~tip mounted

Ty two storage teanks, underwing mounted

v vertical tail

Wi wing with fixed leading-edge flap

Wo wing with NACA a = 0.8 (modified) mean line, egq = 0.2

Complete Model Symbols

Sy W,B,CDHV
Sa W_B,CDHV
Sa W1BoCDHEV
Sy W1BsCDEV

APPARATUS AND MODEL

The Ames 2~ by 2~foot transonic wind tunnel is a closed-circult,
varigble~pressure tunnel in whilch the Mach number can be varied continu=-
ously to L.4. A complete description of the wind tunnel and its eir-flow
charecteristics 1s provided in reference 4. Flgure 1 is a photograph of
the model installed in the wind tunnel.

Drawings of the various model conflgurations are presented in fig-
ures 2 through 11. Included in these drawings 1s pertinent information
describing and locating the varlous model appendages.

The basic model had a fuselage of fineness ratio 9.25, an unswept
wing of aspect ratilo 2.&5, en unswept horizontal tall mounted high on a
vertical stabilizer, a canopy, and a dorsal fin. The basic wing had a
fixed leading-edge flep having deflectlons at the root and tip of 1053'
and 3047‘, reapectively. Variatlons of the basic configuration included:
(1) the basic wing replaced by one having an NACA camber line; (2) the
fuselage contoured according to the area rule; (3) a variety of conven-
tional missile and external-store insitallations; (4) a misslle installiation
designed according to the moment-of-area rule; and (5) two fuselage dive-
flap arrengements. The models and model components are identified

-y
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throughout the report by configuration symbols defined in the Model Nota-
tion section. The geometric characterlstics of the fuselages, wlngs, hori-
zontal tail, and vertlcal +taill are given in table I. The variations of
model cross- sectional area with fuselage station are shown in figure 12(a)
for the basic model (8,) and the configuration modified according to the
area rule (S;). Figures 12(b) and 12(c) include the area distributions
and second moment-of-ares distributions, respectively, for the basic model,
the conventionel four-mlssile tip dnstallation . (s M4T$ the four-miesile
installatlion design according to the moment-of-area rule (S4M;M), and a
Sears-Haack theoretical distribution. )

The basic model fuselage was made of aluminum, the wings and empen~
nage of steel, and the external stores of brass. All surfaces were pol-

ished smooth.

The model was sting-supported in the wind bunnel on a flexure-pivot,
internal strain-gsge balance of the type described in reference '

TESTS, CORRECTIONS, AND PRECISION

Tests were conducted to determine static longitudinel aercdynamic
characteristics of the model alone and in:combinetion with the varlous
external stores and dive flaps. Tests were made alsc to determine static
lateral-directional aserodynsmlc characteristics of only the baslc model
with and without the empennage. For both the longitudinal and lateral~
directional phases of the wind-tunnel tesis, data were obtained at Mach
numbers from 0.8 to 1.4t and at & Reynolds mumber of 1.5x10% based on the
mean serodynamic chord of the wing. Idift, drag, and pitching moment were
measured at angles of attack from approximately -2° to approximately 12°
at zero angle of sideslly in the study of the longitudinal characteristics.
For the lateral-directional-characteristics investigation, 1ift, drag,
pitching moment, crosswind force, yawlng moment, and rolling moment were
determined throughout a sideslip angle range from approximately ~-5° to
approximetely 8° at angles of attack of approximately 3°, T°, and 11°.

Corrections have been applied as follows: (1) to the model angles
of attack and sideslip for deflection of the model support end balance
resulting from serodynamic loads; and (2) to the drag to adjust for the
difference between the measured model base pressure and the free-stream
static pressure. Corréctions to the date for air-stream angularity, which
was negligible, and for wind-tunnel-~wall Interference effects have not
been made. An estimate of the magnitude of the wall-interference effects
can be obtained from the theory of reference 5 and the preliminary experi-
mental results of reference 4. The latter results indicate significant
interference effects at the low supersonlc Mach numberas for a model compa-
rable in-size to those of the presént investigation (about l-percent
blockage ratio). Because of configuration differences, however, the
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resulis of reference h_are not quantlitatively appliceble to the results
of the present investigation. In the discussion of the results in the
following sections of the present report, emphasls is placed upon evalu-
ating effects of change in configuration and upon qualitstive trends so
that the conclusions drawn should be affected 1lttle by such wall inter-
ference as may have existed. Apart from systematic errors resulting from
neglecting the wall lnterference, cerfain random errors exist which
determine the precision or repeatability of the data. The random errors
are as follows:

M +0.003 C1, +0.005
o *0.03° cc *0.002
B8 +0.03° C3 *0.0002
Cp *0.001 Cm *0.005

Cn +0.001

RESULTS AND DISCUSSION

General

The basic data of the subject investigation are presented in tables
IT and IIT for the longlitudinal anhd the lateral-directlonal tests, respec-
tively. All force coefficlents were based on the wing area as projected
to the horlzontal plane, including that porition within the fuselage. The
pitching-moment coefficient was based on the wing mean zerodynamic chord,
and the rolling-moment and yewing-moment coefficients were based on the
horizontal projection of the wing span. The force coefficients are
referred to the wind axes, and the moment coefficients to the stability
axes, the reference point for the moments being located at 0.25¢ on the
fuselage reference line.

Longitudinal Characterlstice

The variations of 11ft coefficient with angle of attack, drag coeffi-
clent, and pitching-moment coefficient at Mach mumbers from 0.8 o 1.4
are presented in figure 13 for the basic model with and without the hori-
zontal tail. These variations of basic aerodynamic characteristlce are
indicative, in general, of those for the other model configurations.
However, to compare in detail the characteristics of the several
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configurations, the variatlions with Mach number of (1) minimum drag coef-
ficient or drag coefflclent at constant 1ift coefficlent, (2) maximm
lift-drag ratio, (3) lift-curve slope, and (Y4) pitching-moment-curve slope
are plotted in figures 1l&4 to 21. An index to these plots ldentifying the
comparison groups with the appropriste flgures is provided in table IV.
This table slso serves to lndlcste the tables and flgures In which the
basic aerodynemic and geometrie characteristics are presented for each
model configuration. ' - ’

Basic model.=- A study of the data of Figure 13 reveals that the varli-
ations with Mach number of the longitudinal serodynamlc characteristilcs
of the baslc tall-on and ~off configurations are, in general, similar to
those of models having thin low-aspect=ratlo wings of comparable taper and
gveep (see refs. 6 apd 7). Apparent for the horlzontal-tall-on confilgu-
rations are the pltch-up tendencies at 0.80 and 0.85 Mach number at 1ift
coefflcients above about 0.7. Also apparent are the changes in the slopes
of the pitching-moment curves in the reglon of zero 1ift coefflcient at
transonic Mach numbers. These slope changes are indicative of an abrupt
fore-and-aft center-of-1lift travel observed for unswept wing models as
reported in reference 6, At zero 1lift coefficilent, there was a progres-
sive Increase in positive pltching-moment coefiicilent to approximately
1.05 Mach number for the confifguration wilth the horizontal tall. This
change 1n pitchlng moment 1s belleved toc be dependent upon the influence
of the vertical tall on the flow over the horlzontal tail and 1s dlscussed
in reference 8.

Wing-camber modification.- From the varlation with Mach number of
drag coefficient at constant 1i1ft coefficlent, presented in figure lh(a),
1t is noted that the configurations employing the NACA cambered wilng
(82 and Sy-H) displayed a greater minimum drag and a lower drag due to
1ift than 4id the comparsble configurations using the flap-cambered wing
(S, and 8;-H). The lesser drag due to 1ift of the NACA cambered wing
configuratlons resulted in greater maximum 1lift-drag ratios over the test
Mach mumber range, especially at the high subsonic Mach nmumbers.

An exsmination of figure 14(b) indicates that the type of wing camber
has 1ittle significant effect on the varietion witk Mach munber of 1ift-
curve slope and, except for zero lift coefficient, of pltching-moment-
curve slope. Near zero 1ift coefficient, the use of the NACA cambered
wing resulted in less center-of-lift travel at the hilgh subsonic Mach num-
bers than that noted for the flap-cambered configurations, particularly
for the conflguratlion with the horizontal tall removed.

Aree-rule fuselage modiflcation.~ A reduction in minimum drag coef-
Tlcient resulting from the area-rule modification designed according to
the method of reference 1 (configuration 8s) is noticeable in figure 15(a)
beginning at 0.95 Mach nunber and emounting to as much as 0.003 at super-
gonic Mach numbers. The varlation with Mach number of the maximm
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lift-drag ratlio of the two conflgurstipns is a result of the minimm drag
variation, the drag due to 1ift remaining essentially unchanged with con~
Tiguration change.

The results of figure 15(b) indicate thet the fuselage modification
had little effect on the variation with Mach number of either the lift-
curve or the plitching-moment-curve slopes.

Conventional missile M iInstallations.- Each missile arrangement
considered in this discussion and in figure 16 includes pylons and
fairings. .

Iower values of minimum-drag coefflclent at both high subsonic and
moderate supersonic Mach mmbers were apparent (fig. 16(a)) for the wing-
tip-mounted missile conflgurations as compared with the body-mounted coun=~
terparts, the differences being more obvious for the four-missile conflgu-
rations. At transonic Mach numbers, the body-mounted arrengements were
as good as or sllghtly better than the wilng-mounted srrangements. TFor
either arrangement, the increment in minimum-drag coefficlent per missile
was sbout the same for four misslles as for two.

The mein points to note sbout the comparisons of maximum l1ift-drag
retio (fig. 16(a)) are that the values for the tip-mounted missile con-
figurations were (1) higher than those for body-mounted missile configu-~
rations, and (2) for the two-missile tip arrangement, equal to or higher
than those for the configuration without missiles. These results are
indicative of a reduction in drag due to 1lift believed to be attributable
to an end-plate effect of the tip-mounted misslle configurations resulting
in an increase In effective aspect ratio, and also to an increase in
geometric aspect ratio of the two~mlsslle tip configuration.

An aspect-ratio effect ie a2lso indicated by the comparisons of 1ifi-
curve slope presented in figure 16(b). A further effect of the addition
of the tip-mounted missiles was the reductlon of the abrupt fore-and-aft
travel of the center of 1lift for the model near sonlc speed and the zero=~
lift-coefficient condition (fig. 16(b)). The veriation with Mach number
of the piltching-moment-curve slope at 1lifting conditions, however, weas
generally similar for all the configuratlions.

Conventional migsile N installatlons.~ The variastions of minlmum
drag coefficient with Mach number (fig. 17(a)) are indlcative of the
epparent dependence of the drag level on, primarily, the number of N
missiles carried rather than on the wing mounting position. The incre-
wment In minimm drag coefficient per missile, however, was leas for the
four-missile than for the two-mlssile configuratlions.

An aspect-ratio effect on maximum lift-drag ratio similar to that
previously discussed for the tip-mounted M missiles is also apparent from
the results for the tip-mounted N missile configurations (fig. 17(a)).
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The aspect-ratlo effect is also indicated in the lift-~curve-glope
variation with Mach number (fig. 17(b)). Both the wing-tip and underwing
N missile mountings hed an effect on the center-of-11ift travel similar
to that for the tip~-mounted M missiles, that is, a reduction in the
gbrupt fore-and-aft movement near sonic speed for 11ft conditions near
zero (fig. 17(b)).

Moment-of-area misgsile M iInstallatlion.~ In applylng the moment=-
of-area method (ref. 2) to the design of the missile installation, the
procedure described ip reference 3 was followed. Since the description
is given 1n some detail, it willl be sufficient here to state the essen-
ti1al requirement for obtaining low values of zerc-lift wave drag at sonie
end low supersonlc Mach numbers. The requirement 1s that the longltudinsl
progression of the perpendicular cross-setctional area and the second moment
of the area sbout the vertical plane of symmetry be smooth and gradual.

The extent to which this requirement is met by the present design is indi~
cated in figures 12(b) and 12(c) wherein the distributions of the area
and second moment of area are compared with deslrable Sears-Hsack theo~
retical distributions., Also shown are the corresponding distributions

for the basic configuration without missiles and wilth the conventional
wing-tip installation of missilles., It 1s to be noted that the area dis-
tribution of the moment-of-srea configurastion was improved by the addition
of volume to the fuselage. This volume and the volume added by the sux-
1liary bodles amounted tc 9 percent of the basic-configuration volume.

Tt is observed from figure 18(a) that, compared with the conventional
wing-tip installation, the moment=of-area misgile installation of four
mlissliles had higher values of CDmin at Msch numbers below 0.96 and lower
values above that Mach number. The higher subsonic level is attributable
to the sgkin-friction drag associeted wlth the greater surface srea of the
moment-of=area conflguration. If it is assumed that a skin-~friction drag
increase of the same order of magnitude slso occurred at sonlc and super-
sonic epeeds, 1t can be concluded that the moment-of-area configuration
provided lower wave drag than the conventional installation. Alsc of
interest are the drag values for the configuratione corresponding to the
leunched-missile condition (i.e., conflgurations S43M and SiPm). It 1s
noted that the auxiliary bodies and wmissile pylons can be carriled for less
dreg than the conventionsl wing-tlp pylone at supersonic Mach numbers to
approximetely 1.40. In fact, for this Mach number range, they can be
carried with 1ittle or no increase in drag over that of the basic configu-
ration (cf. configurations S.Py and Si).

An exsminstion of figure 18(a) indicates that the conventional con-
figurations display higher values of maximum lift-drag ratlo throughout
the Mach number range than do thelr moment-of-area counterparts. The drag
due to 1lift of the conventional configuratlions ls sufficlently reduced by
the asgpect-ratlo effect of the wing-tlp mounting toc more than offset the
varlation of minimum-drag coefflclent noted previously.
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The values of lift-curve slope (fig. 18(b)) also show the aspect-
ratio effect of the conventional wing=tip installation of missiles. This
effect is greater for this configuration than for the others. The center-
of-11ft travel near zero lift in the transonic Mach number range for both
the conventional and moment-of-sres misslle configurations was less than
that of the basic model (fig. 18(b)). In general, the moment-of-aresa
conflgurations dlsplayed a slight destabllizing effect as compared wilth
the basic model and the conventionsal missile and pylon configurations
throughout the Mach number range of the investlgation.

External storage tank Installations.- Of particular note 1s the

Increase in minimm drag due to the addition of two underwing tanks to

the configuration having two wing-tip tanks (fig. 19(a)). The drag incre-
ment per tank for the underwing mounting was spproximately twlce that for
the wing-tip tank arrangement. Although these differences in minimm drag
were reflected in the varlation of maximum lift-drag ratio wilth Mach num~
ber, the generally lower drag due to 1ift at supersonic Mach numbers of
the configurations with tanks, especlally the one having four tanks, less-
ened the differences in maximum lift-drag ratio that otherwlse would have
occurred. :

As In the case of the wing-tip-mounted missile arrangements discussed
previously, the high values of lift-curve slope for the tank configura- .
tions aB compared with the baslc model (fig. 19(b)), are considered to
result from an increased effective aspect ratlio produced by the mounting
arrangement of the tanks. There was appreciable reduction in the magni-,
tude and sbruptness of the center-of-lift travel near zero Lift resulting
from the addition of the external wing tanks to the basic configuration
(fig. 19(b)). An examination of the horizontal-tall-on and -off data at-
zero 1ift coefficient indicates that the longitudinal stabllity charac-
teristics of the wing and also the stability contribution of the horizontal
tall, especially at high subsonic Mach numbers, were noticeasbly influenced
by tke tanks.

Borb and gun-housing lnstallations.-~ The major effects of the bomb
or the gun housing on the longltudlinal aerodynsmic characteristlcs were
an increase in minimm drag and a decrease 1n maximmm lift-drag ratio
reletive to the characterlstlecs of the basic model as shown In Tig-
ure 20(a). Although the maximmm frontal area of the bomb was only 8o
percent that of the gun housing, the values of minimm~drag coefficlent
for the bomb. configuration were higher than those for the gun-houslng
configuration by approximately 0,0010 at subsonic Mach numbers and
0.0030 at supersonic Msch numbers. Iittle effect of elther the bomb or
the gun housing on the lift- or pliching-moment-curve slopes is Indlicated
in figure 20(b).

Dlve-flap installations.- The most significant point about the drag

results (fig. 21(a)) is that the underfuselage flap was neasrly twlce as
effective as the side-fuselage flaps on the hasis of the drag increment
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per unit area - the frontel area of the underfuselage flap was half that
of the two side-fuselage flaps, and yet 1t provided drag increments that
were within 10 percent of those for the side-fuselage flaps. The lower
effectiveness of the side=fuselage flap arrangement 1s attributable in
part to the lower dynamic pressure in the vicinity of these flaps result-
ing from the wake of the wing. There is good possibility, furthermore,
that up to sonlc speed the slde flaps Inc¢reased the pressures over the
rear portion of the wing which would result in an appreciable reduction

in wing drag and thereby offget the direct drag lncrements due to the
flaps. Drag and pressure-dlstribution data concerning this effect of
glde-mounted flaps are presented in reference 9. A comparison of the dreg
values for the configurations with and without the horizontal tail indi-
cates that the horizontel-tall drag wes reduced by the presence of the
glde~fuselage flaps; whereas 1t was increased by the presence of the under-
fuselage flap over that for the basic model.

The effects of the dlve flaps on the lift~curve slope (fig. 21(b))
were slzable for the zero~lift conditlon at subsonic Mach numbers; the
underfuselage flap configuration had higher and the slde-fuselage flap
configuration had lower values ¢f lift-curve slope as compared wilth those
of the basic model. This was true for both the tall-on and tail-off con-
ditions. Appreciable effects of the dive flaps on the center-of-lift
location are apparent from the variations of the pitching-moment-curve
slopes with Mach number (fig. 21(b)). Neither flap configuration showed
the abrupt forward movement of the center-of-lift characteristic of the
basgic model near the zero-llft conditlion. For the side-fuselage flap con-
figuration, however, there was an abrupt rearward movement of the center
of 1ift beginning at Mach numbers 0.95 and 0.98 for the tall-off and tall-
on conflgurations, respectively, at 1ift coefficlents near zero.

An increase in poeitive pitching-moment ccefficient at zero 1ift
coefficlent resulted from the addition of the fuselage flaps to the basic,
horizontal-tall-on configuration, in general, as is apparent from an exam-
ination of the basic dete (table II). This increase in piltching-moment
coefficlent for the underfuselage flap configuration smounted to as much
as 0.050 &t Mach number 0.8, diminishing to the basic model value at
approximately Mach pumber 1.35. For the side-fuselage flap configuration,
this incremental pitching-moment coefflclent at subsonic Mech numbers
was conglderably less than that for the underfuselage flap confilguration,
but increased to about 0.070 at Mach number 1.LO.

Static lateral~-Directional Characteristics Tests

The data of the statle lateral-directional characterlstics tests are
provided in table IIT for the baslic model with and without the empennage.
Plots of static lateral-directlional slope parameters as functions of Mach
number, angle of sideslip, and angle of attack are presented in flgure 22.
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The variations with Mach nmumber of the slopes of the rolling-moment
curve, yawing-moment curve, and crosswind-force curve are indicative of
favorsble lateral-directional characteristics of the basic model at angles
of sideslip to 7.50 end angles of attack to llo, which were the limits of
the test. OFf particular importance is the fact that the basic configu-
ration, 8,, displayed approximately the same amount of directional sta-
bility and dihedral effect ((}nB and C,;., respectively) at 1.4 Mach num-

beg as at 0.8 Mach number at the test sngles of sttack of 30, "{O, and
11”. The sbrupt changes in Cnﬁ and C, noted for the baslec configu~

ration at transonic Mach numbers, particularly st the higher angles of
attack, were apparently related to a change in the alr-flow charscteris-
tics around the empennage since no simlliar changes in the data were noted
for the configuration less the empennage. The effect of the empennage
was observed to be sufficient to offset the inherent negative dihedral
effect of the configuration without the tail asseumbly.

CONCLUSIONS

A wind-tunnel investigstion of an airplane model with a 3.lk-percent-
thick unswept wing of aspect ratic 2.45 has been conducted over a Mach
number range from 0.8 to 1.b at a Reynolds number of 1.5 million. The
following conclusions were drawn from the results of this investigatlon:

1. The longitudinel aerodynamic characteristics at transonic Mach
numbers of the basic model were similar to those previocusly observed for
models having thin low-aspect~ratioc wings of comparable taper and sweep.
A horizontal-tail-on pitch-up tendency was indlicated &t Mach numbers of
0.80 and 0.85 beginning at a 1ift coefficlent of approximately 0.7 for
the basic model.

2., The conflgurations having a wing with an NACA mean~line camber,
in place of the basic leading-edge~flap cambered wing, had: (1) higher
mintmum drag coeffilecient; (2) apprecisbly lower drag due to 1ift;

(3) higher values of meximm lift-drag ratio, particularly at subsonic
Mach numbers; and (L) Iess center-of-Iift travel near zero-lift coeffi-
cient at transonic Msch numbers.

3. An ares-rule modification to the fuselage of the basic model
regulted in a reductlion in minimm drag coeffleclent and in an increase in
maximm lift-drag ratio at Mach numbers from 0.95 to 1.hO.

L. Tower values of minimum drag coefficlent at subsonic and super~
sonic Mach numbers resulted, generally, from mounting varlous external
gtores on the wing tips rather than beneath the wilng or on the fuselage.
The wing-tip store installations also produced hilgher values of maxlimm
1lift=-dreg ratio than dild the comparsble fuselage and underwing
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installations, primasrily because of the reduced drag due to 1ift result-
Ing from the effective lncrease in aspect ratio creeted by the former
store mounting arrangement.

5. Wing-tip mounting of external stores resulted in a reductlon of
center~of~11ft travel at transonic Mach numbers near zero 1ift and in s
general increase in the values of lift-curve slope as compared with the
basic model.

6. A conflguration with the missile mounting designed according to
the moment-of=-area rule had lower values of minimum drag coefficlent at
transonic and supersonic Mach mumbers than did the comparable conventional
wing-tip installatlon. Thils advantageous reductlon of minimmm dreg was
offset by relatively higher drag due to 1Ift, resulting in generally lower
maximum lift-drag ratios for the moment-of-area configurations than for
the conventionsl configurations.

7. The additlon of two simulated storage tanks mounted beneath the
wings to a ¢onfiguration already having two such tanks mounted on the wing
tips resulied In a drag increment per tank twice that resulting from the
addition of two tip tanks to. the basic configuration.

8. Although the two side~fuselage flaps had twlice the projected
frontal area of the single underfuselage flap, the increment of mindmum
drag coefficient for the side~fuselage flap counfiguration was only ebout
10 percent more than thet for the underfuselage flap configuration. The
lift-curve-slope and pltching-moment-curve-glope varistions with Mach num-
ber were generally more favorable for the underfuselage flap configura-

‘tion.

9. The complete baslc model had favorsble lateral-directional char-
acteristics to the test limits of 7° angle of sideslip and 11° angle of
sttack throughout the test Mach number range.

Ames Aeronautical Iaboratory -
National Advisory Committee for Aeronautics
Moffett Fleld, Calif., May 22, 1956
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TABLE I.- GEOMETRIC SPECIFICATIONS OF MAJOR MODEL COMPONENTS

Fuselages B;, By, and Bg
Iength (to extt face), IMe « « o o « o « o « o « « o o o « & 2h.6
Maximum frontal areg, SQ ID. < ¢ « « « & & o o o o &« « ¢ « &« 5.28

Fineness ratlo o« « ¢« o ¢ ¢ o« o o e ¢ 2 o s ¢ ¢ o o a s o o e 9.50
Wing Wl
Alrfoll section; forward 0.5c elliptical aft 0.5¢ circular
arc; root and tip thickness ratio, percent C e e W . e 3.k
Area, horizontal projection including the portion within
body, sq in, . . . . e o o e e o s s s s e e e e s e s U516
Mean aerodynamic chord, 1n. e o 8 s+ ¢ s 4 o 5 s s e a s o 4.58
Span, in. e o e « o 6 e ¢ o s o s 8 o v e s o e o a s s e 10.53
ABPeCtratiooc.no.uc.cc-c.ooo--..ooo 2.11'5
T&pel‘ ratio *® e o @ e o ¢ e e« @ @ @& ¢ o ¢ & o 8 s e o o 38
Sweep of quarter-~chord line in plane of wing, deg ¢« e o o e 18.2
Unswept element, percent ¢ . . . . . . . e s e e o s o o T0. k
Incidence, A& e ¢ « « « ¢ « « o o o e s s s o s s o o s o &
Dihedral, de€Z o « ¢ « ¢ o o = o« o s o s a o « o o s ¢ s o o -10
Leading-edge flaps
Area, s8q in. e ® e 4 & s e s s s s a e s o o s s e . . 3.72
Chord, Percent € .« o o« o o o e « o o« ¢ o o o e s o o« o o 14,6
Deflection, deg
ROOT &4 o o o 2 ¢ o o a o« o o« s o a s s o o ¢ s ¢ s « o o 1.9
TIP o o o @ o o o o s s s « s o o s o o o o a o a s o = 3.8
Wing Wo
Same as Wj except leading~edge~-flap type camber replaced
by NACA & = 0.8 (modified) mean line, cyy = 0.2
Horizontal tail H
Airfoll section; forward 0.5c elliptical, aft 0.5¢ elrcular arc;
Root thickness ratlo, percent c e e o o o s & o 6 o s s o k.9
Tip thickness ratio, percent c c s e e s e s s s e o s . 2.6
Ares, sq In. e ® e & o & e s s e o 8 s s s s e s s e e e e 11.09
Mean aerodynamic chord, in. e e s s 5 a o s s s e s s s e @ 2.12
Aspect ratdo . 4 4 4 4t e e 2t o s 4 2 e e 6 s 4 s e s e o . 2.95
Taper ratio « « o o o @ s s e & 6 @ o o 0 » a4 & a a @ .31
Sweep of quarter=-chord 1ine, deg e ¢ & a ¢ o 8 8 o o 6 a = 10.1
Unswept element, percent € . o ¢« o« ¢ ¢ ¢ ¢ o = & ¢ ¢ o o « o 50
Incidence, deZ « « e « « ¢ o o o « e ¢« o« o o s o« o o« s o« s o o
Dihedral, deg e o o o @4 6 ¢ o o « a o ®w o 8 s s s e e v v 8 0
Vertical tell V
Alrfoil section; forward 0.5c elliptical, aft 0.5c cilrcular arc;
Root thickness ratlo, percent C « o« o« « o o o o « o o o o k.3
Tip thickness ratlo, percent ¢ . ¢ ¢ ¢ ¢« ¢« ¢ ¢ ¢ v &« & « & 5.0
Area, 8@ INe « ¢ ¢ 4 o 4 ¢ o o o o o e 4 e o e 0 s e o e o 8.06
Mean aerodynamic chord, IN. « « o « « o « « « o o o o o o o 3.4k
Aspect 78E10 4 4 4 e 4 s 4 o 6 o o e o e 6 8 s e 6 8 e e o . 0.87
Taper T8E10 o o ¢ ¢ a o o« « ¢ o o o o o o o s o o6 o o o s o o. k6
Sweep of quarter=chord line, deg o« ¢ s ¢ ¢ « ¢« o « o « o« « o 35
Unsvept element, pexcent € o« o ¢ o« o e « ¢ o ¢ ¢ o o o o o o 89.3
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TABLE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS

(a) Configuration 5;
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TABIE II.- STATIC IONGITUDINAT. AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS - Continued

(b) Configuration Si-E
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ITS VARTIOUS CONFIGURATIONS - Continued

TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

(c) Configuration S,
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TABLE IT,- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS - Continued

(d) Configuration 8y-H
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- Contlnued

(e) Configuration Ss

TABIE ITI.- STATIC IONGITUDINAL. AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS
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TABIE IT.~ STATIC LONGITUDINAI. AERODYNAMTC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS - Contlnued

(£) Configuration S;Pp
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TABLE II.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEI AND

ITS VARIOUS CONFIGURATIONS - Continued

(g) Configuration SiMgp
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TABIE IT.- STATTIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS - Continued
(h) Configuration 8S;Mgp
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TABIE IT.- STATIC IONGTTUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(1) Configuration SiMyp
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(3) Configuration S Mg

TABLE II.=- STATIC IONGITUDINAI. AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARTOUS CONFIGURATIONS ~ Continued
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TABLE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS = Continued
(x) Configuration SiNgp
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TABIE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
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TABIE II.- STATIC IONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND
ITS VARIOUS CONFIGURATIONS -~ Continued
(q) Configuration SyTq
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(r) Configuration S;TTy

TABLE II.- STATIC LONGITUDINAI. AFRODYNAMIC DATA FOR THE BASIC MODEL AND
TIPS VARTOUS CONFIGURATIONS -~ Continued
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TABIE IT.- STATIC ILONGITUDINAT. AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(s) Configuration 8S;Tqp~H
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TABIE IT.- STATIC IONGTTUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS =- Continued

(%) Configuration S;TpTy;—E
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TABTE IT.- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARTOUS CONFIGURATIONS - Continued

(u) Configuration S;A

Go

Cm

Co

G

Cm

G

DOOMNNNOOT =D
dR-CrHOREODM
429Q299Q9QH+
D00000D0O0CDD
. LI I I I B |

VNOO-DAMNT
NAVNDOTNOAYH
VEEETNOEINR
Q299%9Q9{++
Qo0 O000D000

CTHOrD TO NN~
NOE-MMMNQAHON

94QRIRN TN QR
QOO0O0000UT0O0
1

-0

[sReq=2 R=3-2-1, ¥--17.1"}
Q2 Lo
AHO VN ¢ NOD S
00000000001
[ ]

.33.1—.3.‘_.1—3333.3. N
939494Ra2qq

i Heirird

CRHOMAH~DNAOM
YMEROOHAMMTOImM
9299%299QQ-q
002000030000

L2 I I O B N B B |

OVAVYUHAOREMYR
VRO NATO®D O
NARARQGRNeDMDT M

99299RQQQQ1 Y
CooQodvaoadaood

Orvifp-tOVBANDE D
ERVAHDOTROSANY
QQYIRNTNGE R
[~]~Y-Y-T-To¥+]

-0l
-0a
=00

AMROVY HOIQ
]QQH4aNTNQh Y
ACHRMYNOVIONR Y
DI000O00DDO M
_.

-0163

DBOATROONHY O
COOCYAHATORNR
1999Q99QQQY
CO0VI0VOVOOD

L I I I A |

YN ANAVORA
=RV NY-MN0
MNETETNOT=-0ND
QR9°898999Q-d
£0ODCA0BODS

CDRO-NND AN
FOOVRXANAHO ¥
WrQQHEN TN QQ
o0QOCOO00D0o
re1

nodoogsagn®
QAR
HADHARMITNOVD O
CT-2-Y-T-X- 21w 1oy o)
i

WD NN D0 DWW WV,
333999443 Q
el et o

COMANFOR VA AWVO
NYTRHOARNTORCW
99399999894
DOCOOJDLOOLOO

trrrer e

RUVDORVDH ROV
VY AORWOND RN T
ROEANRARMNUITR TR

9233333989419
ocQuacogRVaoo

DVHOVNIVNVV T
DN HDOVLTROFHO

113QQrNNYRnQQ
COoO0QOPOVOOO00
LI

DATNONVOVENORD
QrQQ YN TRN NG
AROFHRMYNOVDDONT
OTTOVOCOCO A
[ A ]

DHVYWOVVBVBYYYVY

YQRQQRVRRR QYYD
0000000000000

WGNOT V-0Vt
20VMNAHOWNYAM
19qqekqqaqq
DOODOOONOIV

11

COORM-TAAHNR
Mot voen®
VNV YETNO-ORD

2999999QQq-~
COC00000DQ00

DWW AR TRATN
MOAOOT D 0WBA
YA QR
[1-1-7-1-7-7-1-7-Y-1-]
1t

~dNNYOnNGOY
QrQQgEma
HAAOHNM YYD O
caoooLo0oo0oH
et

RAYY wovoawmmn
MEe ANV

Q9Qa 9Q9qqQ
O00dO D0290D
[ I I I |

COWMMNUNOAO
RO HRE-NTaln
MUERAENAM TN O

QQQ]]92QQH
[=1-F-Y¥.[-}.1~7.T.]

RDOO-RHOEM
DN O D0 W

11030433A5
covor

NRNROGQ-o

ERELLLLLAL

ArMOARNEYNOD

OC2DO0CO0000D
Lt

0000000000
20000000 H
0000000000

OVNONGAFY NN
NNV DIVTD
1999QQQq -y
D000O0DDOODO

LI I A I A |

COAMHO-VOOD 0
AR A G- N
BOHTETHOOERAND
999899QqQr+
QOoQOoCOoO0OO00

RHOENODWE- vl
WHORHOAD YNNG
YARQYNY YR
1-2-1-7-1-J-1-1-7-1+1
1

MoNVMNNHRD "
Y]] gNN Ty
HArod®RmMNnOd o
000000 DO00H

373826187&
NE¥TNRAOHMAO AW
9999Q9QqQrd
QOo0DOLODODODD

111

OCOE Ot
StV N VOOWO
N R NG -

999339QQQrir
COoOTODARQODO

CTRRANRTDODRON
DO OOV

1493 QdRN LY
0000OA00000

VAMMMOONHO®
QrQQAgMmu g
HHO NN IN00S
CODOLCOTCOM
o

DWIWOWNQDNWDWY
QQARRA QN0 0
oQOOCOoO0BOO0

oW ROMD M~ D
AT HONN O IO
Q989Q9QQ Qrrid
Q000D DO0O000

LI I I B B |

FdOVYOVNOMONR
VMO ATRNRONRD
NNHE T CNQ M0N0~

29999999q+
QUOoOQOoOMQODO

DOARATTTODAt
QOUAOoENBNAROR

b DO MOV O ¥ Oy
O TROHNOD VD
QRQQQIQQQ v
OO0O0000OOND0ID

IR

O W0 WY 8N O ey
WA ™AW OO
THRNMTNVDOR DN
QRQeQRQgqHny
coboco ioooac

M - RO 0D
LA R=Y-T-ToToY-T. ¥ 0 )
10843345589
00000000 0H
__

-0486

~OOVOVVVN ¢ "o
QMR It 0Q
OdMNYVOD on
[o3-T-T-1-T-1- Y QA
1

~01564
-0110

DOODOHD VWO DO
2009007 20,9 Q0
[=X=ReRulrlolaleotaRoTe)

DO TOAONO
RV~ ¢ HONON]
Q9 9QQgaqy
00000 D0ID

VONRTONKoO
NRI-ANOAY
M) ¢ ¢ D00
29999939
Qo

-0a83

~0146

-on7e8

o001
£
4
2
3
3

-0163
~-0140
-00.03
0103

a1

4

2

)

3

Al NBOCHMBTIND
GV NHAMIND e~
92929Q9qQvry
BOEAOECOa0300

LI I T I I

HNODECE NS
YO DEORON
b AALAL S LA T 1o 10

Q994394448
COoOTQOOU 0000.

oORYE-Or-VR-"M
Q- rrHdOODOIM
QQYNINQRQ
CVOO00TCOH
1

~02
~Q0a

HHRADROQN ¥
MEELLUACLT R
"o rRTnVROMN
200Q0COCCHn
t

-01566

100
100
1.00
1.00
1.00
100
100
1.08
100
100
1.00
100




39

NACA RM AS6E22

TABLE IT.- STATIC LONGITUDINAT AERODYNAMIC DATA FOR THE BASIC MODEL AND

(v) Configuration S-G

ITS VARIOUS CONFIGURATIONS - Continued
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(w) Configuration 8,Fg

TABLE II.~ STATIC ILONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AWD
ITS VARIOUS CONFIGURATIONS -~ Continued
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TABLE TI.~ STATIC LONGITUDINAT. AERODYNAMTIC DATA FOR THE BASIC MODEL AND

(x) Configuration S;Fy

ITS VARTIOUS CONFIGURATIONS - Contlnued
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TABLE IT.~ STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Continued

(y) Configuration §S,Fg-H
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TABLE IT.~- STATIC LONGITUDINAL AERODYNAMIC DATA FOR THE BASIC MODEL AND

ITS VARIOUS CONFIGURATIONS - Concluded
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TABLE ITI.~ STATIC LATERAL-DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITE AND WITHOUT THE EMPENNAGE

(a) 8, for o= 3°
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TABLE IIT.~- STATIC LATERAT~DIRECTIONAL. AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT TEE EMPENNAGE - Continued

(a) 8; for a = 3° - Concluded
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(v) 8,

TABLE IIT.- STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE - Continued
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TABLE III.~ STATIC LATERAT~DIRECTIONAT. AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE - Continued

(b) 81 for a = 7° - Concluded

S

c,

Cm

C

G

=

MDY QROVONNOADNON
COMANTACAOA-NEARAMNQ
NMRHE0000HHRNTINOLD

9293929393393333392
OQO0O0D0CO SO000
[ I B B )

OO NOAOHNONORN A
NAFYTNRAOONTVD NN D
199899999999QqH
[=FoYeloYaTaRalalateaolrlatulntaya]

[ S T O O IO B |

VAN FAMGOUNS FY Ot
NOCTIMNMHOOHATVIDOXRYN
"Ar00000000EO0OHAM
99QQQQQQQ9QQQQQ]ge
[+J=Y=Telolalolrlotelotekelel 0000

{ IO O O B O I | ]

GDBMNNINNYMDEROHNG
00000 CO0000000HHNH
Avivirvirirr gy
000000000000000000
1 AR EEEERREEREE

NN CTRNRORTO-OCRR
oUTNHrroOHMHNNYBN®GTM
HO00DO0ODDOOVOOHMN

B e b Ba B B b b o B B Bt B B B Ml |
00000 000DLOO0O0OD00

ARANOvNFANROAOREHO
AN RAR AN e

WYY YRR
00000 OQOOOOCOQOO00

dOVVVeYNAHOND
QEAXNQN00QQ
QOOHHRNE NV
00000000000
_

~0051

MA@ AURIRRANAHOO R
QYRR YIQQYQNG QRG]
N S N R
000000 CODOOUOO0QOTO0

0000000000000 0000
R EEECELRE LT
Addddrwrrredrdeddddded

NANEANRAQACERTORRANDR
MYV EMR AN O VO NN
4tNAHAHO0000H NN E O

999933999999993339
(=T ~ToT+Y-Y-T-70]
111110

AUMRAANANODOOORANTOR
oWV NANAHOCHANWOO R ¢~
+499999999QQqQQy
Q0000000000 O0OOOO0D

[ T T T O B I |

ondedHdaOUMVAOVANMOHO
WoTHNTNAHOOHUYOGHATYO®@
"Ar0000000CO0000rrr
QQl’QQ]RQQ]3]Q9Q9QQQQQQ
Q0000000000000 0000

{ S I I I A |

MRCAOADVOVDVDDDAOHRNAQN
ANAHHHE A R RNN
b R B i B B B B e B e B B A A B B A
QO00000000O0DOBO0O
L IR U T O A T O I O B

MRSV FHODR AN OY
ronennnRNNnti-oYnn
CORARARNRAARAORRODOH

+19692393939Q9Qn v+
QOOOO0ODOODDOOOOOD

MREOAOORDI-VVYVVETMNTN
-~V r~-VVOOVVOVVVOWD

ARAARARRARRARAR R AR
©0C00OOOB0EODERC0C0

V-VORAQHAHONMNTIIIINRNO
9003 qLREANNQ 00
TNARHE0000ddNNT IO~
[=alaYeYeYoYoXolatakoYotoYoYo aYa)al
tttrern

VOVVVYOVYIBNDDW VWG T
il riririririn
ot bt o o b O fe b (e b e e e B e I
0000000300C0020220

DONOHOROMBRA==E=-1--O
A Yt NaddON-ONYQRON
NN HO000OH MY VY
299999999993948Q999
QO0OoODCOOOCOODODO0
___-_.

-00

VNNHAHA A A0 DO0RA AN
OPVUNEMNANACOARNNOORTY
49999389949QQQT
00QOUOO0O0O0OO00OOO0OVOD

1 { O T O T I O O |

-0

NYWaNY HI--ORLEOOWINL
tdonTnootnwi-onntn
HrHODO0QOC0000OdrAH
QQQQYQqqlq]lqQ]x]QQQq
CO00O0D00DDO0000O0OS

titirtrt b1y

NOLOAMOOC000M-INROO
111113232221111111
b e b bt A b K B R e e B e
00000000000 ODOODG
RN R R

AOVTODHOVOD YDA H-OO
V¥ FACHADOVRWHACRYAY D
AROADVDDDDDORRANOO

9999949539839333++
0OoO0O00O0O00OO00OCNO0

MDA RAODONMEC-ON
MY I A I I 1 NN N
AARARAARRAAR AR DI
QOOVLVOVOODCOORAOOLO

Vi-@OOrvHt@wO-0VNY YN
000Q%aNIYENAAN 0
TMNEHO00QOH NN WM
000000000000 QDOO00
L T I I O O |

VNV VBV IO IN Y € ¢
§QQQQQaQqyQRQqqQ]Q
D N N N M N M S
CODVVDVOCCOIDVIODD

0000000O0OO0O0OON0QO00

AR AR A AR AAL R AR DA AL
Arrdrddddrddrddddrdded



NACA RM AS6E22

for o = 11°

(c) sy

TABIE IIT.~- STATIC ILATERAT~DIRECTIONAT, AFRODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE ~ Continued
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o,

TABIE ITT.- STATIC LATERAT~DIRECTIONAT, AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITEOUT THE EMPENNAGE - Continued

(¢) 8; for a = 11° - Concluded
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TABLE III.~- STATIC TATERAT~DITRECTIONAL: AERODYNAMIC DATA FOR THE BASIC

MODEL WITH AND WITHOUT THE EMPENNAGE - Continued

(d) s;-EHVD for « = 3° - Concluded
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TABLE III.- STATIC ILATERAT~DIRECTTONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITH AND WITHOUT THE EMPENNAGE - Continued

(e) S4.-BVD for a« = T°
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TABLE ITTI.- STATIC LATERAT~DIRECTTONAL AERODYNAMIC DATA FOR THE BASIC

MODEL WITH AND WITHOUT THE EMPENNAGE - Continued

(e) S;-HVD for a = 7° - Concluded
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(f) S,-EVD for o = 11°

TABLE III.~- STATIC LATERAT~DIRECTIONAL AERODYNAMIC DATA FOR THE BASIC
MODEL WITH AND WITHOUT THE EMPENNAGE - Continued
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TABLE IV.~ INDEX OF CONFIGURATION COMPARISONS, TABILES, AND FIGURES FOR
THE IONGITUDINAT CHARACTERISTICS TESTS

Aerodynamic characteristics Drawing of
Comparison Configuration iggtallation,
Figure no. Table IX gure no.
Basic model with 13 (e) 8; 2
and wilthout
horizontal tail (b) S,-H ———
Effect of change of 1y (a) Sy 2
wing camber with (c) 8o 2
and without model (v) 8,-H —~——
horizontal tail (a) So-H ———
Area-rule modifica- 15 (a) 8¢ 2
tion of fuselage (e) Bs 2
Conventional 16 (a) 51 2
missile M (g) SyMm k(a)
Installations (h) S M F 4(p )
(1) 81Mop k{ec)
(3) 8, Mom k(a)
Conventional 17 (a) 8, 2
missile K (k) By Ny 5(a)
installations (1) 8, Ny 5(b)
(m) 8, Npp 5(c)
Moment-of-area 18 (a) Si 2
missile M (£) 5,Pp 3
installations (g) 8, M k(a)
(n) S, 2
(o) S, Py 6
(p) B M,y 7
Fuel tank 19 (=) 81 2
installations (q) 8, Tp 8(a)
with and with- 8 T 8(b
out model hori- (r) 1Ty (b)
zontal tail (v) 8;-H ===
(s) 8, Tp-H -
(t) 8 TyTy-E ——-
Bomb and gun- 20 (=) Sy 2
housing instel- () 8.A 9
lations (v) 8.G 10
Fuselage dive-flap 21 {a) 8, 2
installations (w) 81Fg 11(a)
with and without (x) S1Fyy 11.(»)
model horizontal (v) 8, -E —
tall
(¥) 81Fg-E -
(2) 81 Fyy-B ==

o ———————
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Figure I[.- Phofograph of the model installed in the Ames 2-by 2-foot
fransonic wind tunnel,




17.38 7.44 |
!
t=4.58 :
Refer to Table T for 2.24/ ) 2.96
_ ) _ . N 1 '
model specifications. Li\ — “ees 4
\ {
Dimensions in inches 0.704¢
except as noted,
—|2.35] |—
L~ 0.8%¢
9.39
15.30 5.37 4.14
/ ,
Ty 4.50 —{11.62
P
24,60

Figure 2.- Basic model geometry for the S, , Sp, Sz, and S, configurations,
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Missle pylon, Pr %
length 5.57 In,
maximum frontal area 075 In2
.33

. < ==

Flgure 3.— Model with misslle pylon installation, Pr |
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Missle M
length 346 in.
maximum diameter .256 In.
maximum frontal area 052 In?
o4 1%,
Y.L ! 14.89
(a) S M4T

Figure 4.- Model with four missile
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(b) S, Myp

Figure 4.,- Continued,




Figure 4.- Gontinued,
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Missle N
length 520 In
maximum diameter .20 in,
maximum frontal areo 03! In?

Flgure 5.- Model

with

13.77

(a) S| N4T

three

N

installaticns,
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Figure §,- Continued,
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{c) S| N2T

-Figure 5.~ Concluded,
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Missle pylon, PM
length 2.00 i e |

maximum frontal area 248 in?

%
32AICY WE VOV

Figure 6.- Model with moment —-of -area— rule missile pod and pylon installotion, Pu -
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Figure 7.- Model

with

missile

momeni - of —arec ~ rule

< J%}

Installation , Sq Myy.
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Fuel fank, Ty or Ty \‘;‘;

length 8,37 In. 3
maximum diameter 80 in,
maximum frontal area B0 in?

\
|

(a) 5| TT

Figure 8.- Model with fwo external fuel tank installations.
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(b) S[ TTTw

Figure 8.~ Concluded.
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Bomb, A
length 6.20 In.
moximum  diometer .88 In, @—_—__‘% -
maximum frondal area 61 in?

970 C—Jﬁ

Figure 9.- Model with bomb installation, S)A.

T.




Gun housing, G
length

maximum frontal aorea

7.48 in,

.76 in2

Figure 10.- Modsl

with

gun - housing

installation, 5,6.
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Dive flap, F5or Fy

projected frontal

area per flop 1.564 In? ) ]
extension angle 60° V

2eH9GY WY VOVN

I 19,58

{a) S| Fg

Figure IL.- Model with two dive - flap installations,
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(b) S, Fy

Figure .- GConcluded,
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(a) Cross-sectional-area distribution of S, and Sj.

Figure t2.- Gross -sectional-area and second -moment-of-area distri-
butions of the basic model and other configurations.
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- ..S4M4M \
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n
Y
o

o a4 8 12 6 20 24 28

Model fuselage station, inches

(b) Cross-sectional—area distribution of S,, S M, S4M,,, and
a comparable Sears -Haack theoretical distribution.

Figure 12.- Continued.
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28

— S
B ——— SM,

———— SzMgyy .
< —~——— — Sears-Haack 1\
3 j
i = 20 1]
2 [
8" Note: I ]
5 16 As in reference 2, the | l
- fuseloge contribution to I
(=] the second-moment -of- |
t orea distribution has been i
] neglected. | I
£ 2 ! i
o]
£ /; |‘l
z / \A
3 / I } N\
@ 8 / It ¥
o . Il / 1

/

| I ,
4 Y
AR MN
/ Y W] N
OO 4 8 12 16 20 24 28

Model fuselage station, inches

(c) Second-moment-of -area distribution of S;, S, M, Sa My, , and
a comparable Sears-Haack theoretical distribution.

Figure 12.— Goncluded.
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Figure 13.- Variation of lift coefficlent with angle of attack, drag coefficient, and pitching- moment

coefficient of constant Mach number for the basic model

configuration.
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Figure 13.- Continued.

1.2
Lo
o — 1A '
8 > > =
. =A T Pa Wa
- o /(El Ay
C. 4 d‘:é/ my d FF 5?-
i d
ol L £ & Jf!
4
. T ] i
_% 8 E ® ¥
% ﬁ% 'ﬂ; -, a S
“2lu-50 85 90 95 98 100 o S,-H
4 I | I 1 I ]
0O 04 08 J2 16 (for M=.80)
Go
1.2
10 T
o AT Lo 1o N i
- F | gz /?l //f
6 A 459 .-y/ s
' A X Y]
c‘_ a r&F d _IFP :F
i y ’ Y Fs /
ST T r
s g o T
o i | ¥ g
3 X
" 3 : B i)
M=1.03 105 Lio 120 130 140
2 | | | | |
0 04 08 12 6 (for M=103)
CD
(b) G_ vs. Gy




NACA RM AS6E22

12
A y-)
1.0 ’/w /
8 R i fg ’a
| et l .d// / 4-«/
6 //T 1/ g Ip F //7 P //
7 IDARBEZAP INPY
6. 4 \ Q (AL EAT ] o VoA
N A TAA TP IA (A
> Y| ¥ CEREAY AN
% IR P F AL L
o J ki o | B
PR [ A o R
" L & HN:A2 4B b oS | |
. M=, 85 90 95 98 100 o §,-H
2 | | } | | ] I !
J2 08 04 O -04 -08 -2 (for M=.80} T
G
12
10 %
8 /d P o lo
i 1o A )
5 i o] | i d
ol o] / )i
o A NTA PIA T B LI .
| 41 oA | g | o
2 P s sl L
A b o B3
o 4P s 19 r
DdNr il dRZdN);
__20)1 /oA . o a o 9] ¢
m=103| | 105 110 120 1.30 140
> | ] ! | [ I

12 08 04 0 -D& OB -2 ({for M=103)

Oz,
{c) CL vs. sz/‘

Figure 13.- Concluded.



NACA RM AS56E22 L i '
- =" _ |1 _I= =
A
PR 2
o7 A 4 d
. - T
CL = 30 ,/r,{
4
06 /II[/
a//- ,/"I - [~ o~
1l L N iy
05 e e L —
c [
0 c=u5 [ 1 —q--t=d-
04 L /77 ,:’ — N M,
7 I’ —’4——-h="--§ N
' '?__/I ’;/!//2-
03 Ol for C =30 = 74
. ,,'//
’,-»’ [CL=O SI
0z Ol for CL=.[5 m——"_" > ———8,
——-5,-H
Ol Ol for ¢ =0
10
'-e_lﬂ-.’-:\
N N
8 I N My
\
(“b) RS
o o~k
6 N — =
——r —as e
a
80 S0 [Kele] h[e] 1.20 130 140
M

(@) Cp and (L/D)max

Figure 14.-The variation with Mach number of longitudinal aerodynamic
- characteristics of the model with fwo types of cambered wings.
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Figure 15.- The variafion with Mach number of longitudinal

aerodynamic characteristics of the basic model ond
the configuration having the fuselage modified according

to the area rule.
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Figure 16.— The variation with Mach number of longitudinal
gerodynamic characteristics of the model with and
without conventional missile M installations.
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